For the spin-1 2 Heisenberg antiferromagnet on the Kagomé lattice we calculate the high temperature series for the specific heat and the structure factor. A comparison of the series with exact diagonalisation studies shows that the specific heat has further structure at lower temperature in addition to a high temperature peak at T ≈ 2/3. At T = 0.25 the structure factor agrees quite well with results for the ground state of a finite cluster with 36 sites.
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2 Heisenberg antiferromagnet on the Kagomé lattice we calculate the high temperature series for the specific heat and the structure factor. A comparison of the series with exact diagonalisation studies shows that the specific heat has further structure at lower temperature in addition to a high temperature peak at T ≈ 2/3. At T = 0.25 the structure factor agrees quite well with results for the ground state of a finite cluster with 36 sites.
At this temperature the structure factor is less than two times its T = ∞ value and depends only weakly on the wavevector q, indicating the absence of magnetic order and a correlation length of less than one lattice spacing. The uniform susceptibility has a maximum at T ≈ 1/6 and vanishes exponentially for lower temperatures.
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I. INTRODUCTION
For a long a time it has been speculated that low-dimensional quantum spin antiferromagnets may have magnetically disordered ground states. Most attention has been focused on the spin- 1 2 Heisenberg antiferromagnet (HAFM) on the square lattice due to the close relation of this model with the problem of high temperature superconductivity. However, it is now well established that the HAFM on this particular lattice has an ordered groundstate 1 .
The first system for which a disordered groundstate was proposed is the HAFM on the triangular lattice 2 . In recent years this model has been the subject of intensive numerical investigations. Although most results indicate that the system remains ordered at T = 0, it seems that the sublattice magnetisation and the spin stiffness are significantly smaller than for the square lattice [3] [4] [5] [6] So far the best candidate for a magnetically disordered system is the Kagomé structure:
a triangular lattice with a triangular basis. The vectors of the underlying triangular Bravais lattice are
while basis vectors indicating the coordinates of the three sites in the triangular unit cell are
The units are chosen so that the nearest neighbour distance equals unity. The structure is shown in fig.1 . Because the Kagome lattice is not a Bravais lattice, but has three sites per unit cell, the structure factor is a 3 × 3 matrix.
Classical spins on the Kagomé structure are frustrated, as they are on the triangular lattice, but the coordination number is smaller (4 for the Kagomé structure instead of 6 for the triangular lattice 13 . Experiments on this system found a peak in the specific heat 14 , but the total change in entropy per site between T = ∞ and an extrapolated value for T = 0 accounts for only one half of ln(2) the expected valuefor a S= 1 2 system. This suggests that there is a large number of low-lying states, which could contribute to additional structure, such as a second peak, in the specific heat at very low temperatures.
Exact diagonalisation of a 12-site cluster 10 on the Kagome lattice and simulations using the decoupled-cell Monte Carlo technique 8 found such a peak. Simulations of larger systems 15 using the forced occillator method found only one high temperature peak and an almost linear T-dependance of the specific heat at temperatures below this single maximum.
Based on this observation it was concluded that the double peak structure reported for the 12-site system is due to finite size effects.
Further insight in the behaviour of the system can be gained by calculating finite temper-ature properties. However, the most powerful technique, Quantum Monte Carlo simulations, breaks down due to the sign problem for frustrated spin systems. In this paper we, therefore, follow a different approach and present results from high temperature expansions as well as exact diagonalisation studies.
Section 2 contains the results for the specfic heat, for which the series has been calculated up to 16th order in J/k B T . We analyse the series using the method of Padé approximations and compare the results with data from exact diagonalizations studies. Based on entropy arguments we will show that the low temperature structure of the specific heat occuring in the finite cluster calculations 10 cannot be a spurious finite size effect. In the third section we present results for the spin-spin correlation function, which has been calculated up to
At this temperature the largest eigenvalue of the structure factor matrix S α,β (q) is nearly independent of the wavevector q and is less than a factor of two larger than at T = ∞.
Our values for the structure factor at this temperature are close to exact results for the groundstate of a finite cluster with 36 sites 9 . Our conclusions are summarized in section 4.
II. SPECIFIC HEAT
The Hamiltonian of the Heisenberg model is given by
where the sum runs over all pairs of nearest neighbours on the Kagomé lattice. We calculated the high temperature series using a linked cluster expansion 16 up to order 16 in 1/T (from now on we will set the exchange coupling J and the Boltzmann factor k B equal to unity).
The series coefficients are given in table 1. The series was extrapolated beyond its radius of convergence by the method of Padé approximants. For a power series F (x) we form the Padé approximants
where P L (x) and Q M (x) are polynomials in x of order L and M respectively. The coefficients of the two polynomials are determined by the condition that the expansion of [L/M] has to agree with the series
In case of high temperature expansions x is the inverse temperature. Because the specific heat must vanish at T = 0 we restrict the Pade analysis to approximants with M > L.
A number of approximants were obtained this way and are plotted in fig. 2 . The curves for different approximants remain consistent with each other down to T = 0. Furthermore, our findings agree with results from simulation studies on small clusters (of up to 18 sites) 15 .
In particular there is only one peak at T ≈ 2/3. We calculated the total change in entropy
and found site system appeared to be much less significant and no peak was observed in the 18 site system. This led to the conclusions that the low temperature peak reported earlier 10 was a finite size effect. Here we see that there is additional structure in the specific heat at low temperatures for larger sizes. We expect that some structure persists in the thermodynamic limit leading to a vanishing entropy as T → 0. The precise form of this structure, e.g.
broad shoulder or second peak, however, is difficult to deduce from our results, because the finite size corrections show a large even-odd asymmetry. Exact diagonalisation studies of finite clusters 9 find that the lowest triplet (quadruplet) for finite systems with an even (odd) number of sites N has an excitation energy that remains finite in the thermodynamic limit resulting in a spin gap ∆ ≈ 0.25. The low-lying states that give rise to the additional structure in the specific heat are singlets (doublets) for even (odd) N.
III. STRUCTURE FACTOR AND UNIFORM SUSCEPTIBILITY
In addition to the specific heat we also calculated the high temperature series for the spin-spin correlations. Only 14 terms were determined for this series, because many more clusters contribute to this expansion than for the specific heat. From the series for the correlations in real space we calculated the structure factor. As already mentioned in the introduction the Kagomé structure is not a Bravais lattice so the structure factor is a 3 × 3 matrix, given by
where R is summed over Bravais lattice vectors formed from e 1 and e 2 in eq. (1) 
and any dispersion is smaller than the error bars. For comparison: the corresponding result at T = ∞ is 4S max = 1.
In order to check whether our results give a correct picture of the low temperature magnetic properties we calculated the structure factor for the groundstate of a finite cluster and the ground state of the 36 site cluster is remarkable. It indicates that the results of the series analysis remain qualitatively unchanged down to T = 0, i.e. there is no divergence of the structure factor which would indicate magnetic order. The structure factor at T = 0 is roughly a factor of two larger than at T = ∞ and has only moderate dispersion, indicating a correlation length of less than one lattice spacing.
Results for the uniform susceptibility are plotted in figure 5 using the series for the susceptibility in table 1. We show only results for finite cluster with an even number of sites N. As already mentioned at the end of the previous section the lowest states for a finite system with an odd number of sites are doublets which results in a strong finite effect for the susceptibility:
Results from the high temperature expansion and from finite cluster calculations again agree down to T ≈ 0.3. Above this temperature the suscep-tibility is significantly smaller than the Curie-Weiss susceptibility. At low temperatures the susceptibility appears to vanish exponentially, because the low-lying states are all singlets.
As mentioned earlier the spin gap ∆ is estimated 9 to be ∆ ≈ 0.25. Because the the S z = ±1 components of the lowest triplet give identical contributions to the susceptibility one expects the maximum in χ to occur at temperature T max ≈ ∆/(1 + ln (2)). This can be verified for the finite clusters with N sites by taking the finite size value ∆(N). The maximum for the susceptibility is given by χ max = 0.14 − 0.15 with only a rather weak N dependance.
Experiments on 3 He films absorbed on graphite find a cusp in the susceptibility near 1 mK 19 . Unfortunately our data do not allow to give quantitative estimates for the position and peak value of the susceptibility at such low temperatures, because the series expansion is no longer reliable and the finite cluster calculation suffer from finite size effects. It is very likely that in this temperature regime, T ≪ 1, the spin-
HAFM is no longer an appropriate model for 3 He films and additional interactions have to be taken into account 13 .
IV. CONCLUSIONS
We have presented results from high temperature expansions and exact diagonalisation studies for the specific heat and the structure factor of the Heisenberg antiferromagnet on the Kagomé lattice. Our main result is that the specific heat has additional structure a second peak or possibly a shoulder at very low temperatures in addition to a peak at higher temperature (T ≈ 2/3). This had been conjectured earlier 10 but subsequent simulations 15 had seemed to contradict it. Our conclusions that this unusual low temperature behaviour exists comes from the follwing observations: high temperature series expansions, which do not find a second peak, obviously cannot account for a significant amount of entropy. At temperatures T < 0.25 finite cluster calculations show much more structures (a peak for even number of sites N, a significant shoulder for N odd) in the specific heat. For T ≥ 1/4 the results of both methods agree, showing that in this regime the finite cluster calculations give the correct results in the thermodynamic limit. Therefore, the specific heat below T < 0.25 has to be much larger than previously reported to get the entropy right, i.e. zero as T → 0.
Thus, what is seen in the finite cluster calculations is not a spurious finite size effect. It would be interesting to measure the specific heat at somewhat lower temperature to see if additional structure appears.
The series expansions for the structure factor at T = 0.25 give results that are very similar to the results for the ground state in exact diagonalisation studies 9 . Both indicate that correlations fall of rapidly with distance. The structure factor is less than a factor of two larger the infinite temperature value even at T = 0.25 . Any possible dispersion is to weak too be clearly identified. All this indicates, that the Heisenberg antiferromagnet on the Kagomé lattice has no long range magnetic order.
For the susceptibility we find a maximum around T ≈ 1 6 and an exponential drop at lower temperatures. 
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For each quantity A we define coefficients, a n , by A = n=0 an n! β 4 n . The table shows the values of the a n for the specific heat C and the uniform susceptibility χ For each quantity A we define coefficients, a n , by A = n=0 an n! β 4 n . The table shows the values of the a n for the largest eigenvalue S max (q) of the structure factor matrix at wave vectors q = (0, 0) , q = 
